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Southern PinesPerformanceon
Sandhills Sitesin

Georgia and South Carolina

Kenneth W. Outcalt, SoutheasternForestExperimentStation,
P. 0. Box14524,Gainesville,FL 32604.

ABSTRACT. Choctawhatcheesandpine (Pinusclausavar. immuginataD.B. Ward), Ocala sandpine (P.
clausavar.clausaD.B. Ward),slashpine (P. elliottil Engeim.),loblolly pine (P. taedaL.),and Iongleafpine (P.
palustrisMill.) weregrownonsandhillsinGeorgiaandSouth(‘arolina. Choctawhatcheesandpinegrewfastest
and yieldedthe mostvolumeafter 28 yr. Productivityequaledthat ofplantations in northwestFlorida,
averagingmorethan100ft3/ac/yr.Tomaximizeyieldsforpulpwoodrotationsof2Sto 35yr, managersshould
plant thesesites to Choctawhatcheesandpine. Longleafpine, however,has beengrowing as fist as
Choctawhatcheesandpinesinceage15yr. ThereJbre,especiallyfor longer rotations,it wouldbean acceptable
alternativespecies.South.J.Appl. For. 17(2): 00—00.

Sandiulls,marinedepositsfrom thePleistoceneepoch,occupy
significantacreagein theSoutheasternUnitedStates.Theyare
an importantphysiographicfeatureof central andnorthwest
Florida, andin the transitionzonebetweenthe UpperCoastal
Plainand thePiedmontin Georgia,SouthCarolina,andNorth
Carolina.Sandhillssoilsaretypicallyacid,infertile,anddroughty.
Many arequartzsands,rangingfrom a few feet to more than
20-ft deep.Becausethe soilsarelow inorganicmatterandclay
content,nutrientandwaterretentionarequite poor.

Relativelyopenstandsoflongleafpineoncedominatedmost
sandhills,butonly scatteredpatchesremain.Many siteswere
takenoverby scrub oaks,principally turkey (Quercuslaevis
Walt.), bluejack (Q. incana Bartr.), and sand post oak (Q.
stellata var.margaretta[Ashel]Sarg.),followingharvestof the
longleafpine in theearly1900s.

Researchhas shown that Choctawhatcheesand pine per-
formsbeston thesandhillsof northwestFlorida(Brendemuehl
1981).This study was establishedto comparesouthernpine
specieson sandhills sites in Georgia and South Carolina.
Choctawhatcheesandpinewasthebestspeciesin thistestafter
15 yr (Hebb1982).A surveyof plantationsin Georgiashowed
Choctawhatcheesandpine growthratewascomparableto that
observedin florida, andyieldswerebetterthanthoseexpected
for other southernpines on sandhills sites (Outcalt and
Brendemuehl1985).No informationexists,however,compar-
ing Choctawhatcheesandpine with othersouthernpineson
sandhillsinGeorgiaorSouthCarolinabeyond15 yr. Reported
hereare suchdata, includingexpectedyields for a pulpwood
rotationof 28 yr.

Methods

TheGeorgiatestsiteisin thewestcentralareanearGeneva
on landformerly ownedby GeorgiaKraft.TheSouthCarolina
siteis ontheSandHills StateForestin thenorth centralportion
ofthestate,nearCheraw.SoilontheSouthCarolinasiteisTroup
loamy sand(thermicGrossarenicPaleudult),and the Georgia
site has an Alaga coarse loamy sand (thermic Typic
Quartzipsamment).

TheSouthCarolinasite wasroot-rakedanddisked in 1962
and plantedto watermelonsin 1963.This sitereceivedboth
cultivationandfertilizationduringwatermelonproduction.The
Georgiasitewasclearedwithabulldozerwith thebladesetjust
abovethesoil surfacein December1963. At eachlocation,25
plots, 84 x 84 ft, were establishedwith a 10-ft buffer strip
between all plots. Five plots each were selectedfor
Choctawhatcheesandpine,Ocalasandpine,slashpine,loblolly
pine,andlongleafpine in aLatin squaredesign.All plotswere
hand-plantedinFebruary1964ata6 x 6-ft spacing.A two-row
bufferstripof slashpinewas plantedaroundeachsetof plots.
SandpineseedlingswerefromtheChipolaExperimentalForest
nurseryin northwestFlorida,while otherspeciescamefrom
statenurseriesin GeorgiaandSouthCarolina.

Hardwoodsproutson halfof eachplot weresprayedtwice
with 2,4,5-T the year following planting.Previous analyses
showedthis hadno affect on earlysurvivalor growth. In an
attemptto increasestocking,the unoccupiedspotsin longleaf
plots were direct-seededwith five repellenttreatedseedsin
January1965.Thiswaslargelyunsuccessful,increasingstock-
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ing from 12—17% in Georgia and from 57—60% in South
Carolina. In July, 1970, to equalizestocking, all plots were
thinnedto400trees/acattheGeorgialocationandto 565 trees!
ac for the SouthCarolina site. Bark beetle(Ips spp.)attacks
following thinningfurther reducedthe stockingattheGeorgia
location.

At age28 yr, in September1991, treeson all plots except
thoseplantedto Ocalasandpinewereremeasured.Ocalasand
pineplotswerenotmeasuredbecauseinspectionshowed100%
mortality onall plots.Theheightanddiameterweredetermined
for all treeson a 66 ft2 interiormeasurementplot. Thesedata
were usedto calculateindividual treebasalareaand volume.
Significantdifferencesbetweenspeciesweredeterminedusing
analysesof variance.

Results

Mortality duringthelastl3yr hasbeencomparativelyhigh
for slashpineatGeorgiaandSouthCarolinalocations(Table1).
Mortality differed by location for theotherthree species,but
none had unacceptablemortality sinceage 15. After 28 yr,
stockingwasadequatefor all but longleafpineatthe Georgia
site.Choctawhatcheesandpinehadthelargestaveragediameter
while longleafpine rankedsecond.Loblolly andslashpinehad
significantly smallermeandiametersat bothlocations.

Choctawhatcheesandpinewas significantly talleron aver-
agethan otherpines after28 yr. As with diameter,longleaf
rankedsecondwhile slashandloblolly werebothsignificantly
shorter. Basal area was less than 100 ft2/ac for all but
Choctawhatcheesandpine inGeorgiaandChoctawhatcheeand
longleafpine in SouthCarolina.In Georgia,Choctawhatchee
sandpineproducednearlythreetimesasmuchwoodvolumeas
the otherspecies.Slashandloblolly pine volumeswere also
loweston theSouthCarolinasite. Althoughlongleafpinehad
much greatersurvival and yields in South Carolinathan in
Georgia,Choctawhatcheesandpinestill hadsignificantlymore
volume,butnotmorebiomass.

Averageheightgrowthrateoverthe last23 yr ontheSoisth
Carolinalocationhasbeenthe samefor Choctawhatcheesand
pine andlongleafpine, 1.7 ft/yr (Figure 1). Choctawhatchee
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Figure 1. Twenty-eight-year height growth at longleaf and
Choctawhatchee sand pine on sandhills in South Carolina and
Georgia.

sandpinegrewsomewhatfasterfromage5 to 15 yr, butsince
thenlongleafhasbeengrowingslightly faster.Longleafpineat
theGeorgiasitehadthesameaveragerateof heightgrowthas
inSouthCarolinaat 1.7 ft/yr. butChoctawhatcheesandpinehas
beenslightly greaterat2.1 ft. Forthe last13 yr, however,both
specieshaveaveraged1.5 ft of heightgrowthperyear.Volume
productionhasfollowedasimilartrendattheSouthCarolinasite
since age 15, with longleaf pine producing 102 ft3!yr and
Choctawhatcheesandpine 114 ft3/yr.

Discussion

OcalasandpineisunsuitedforplantinginGeorgiaandSouth
Carolinabecauseof highmortality ratesfrom sandpine root
disease.Any existingstandsshouldbeharvestedbefore20yrold
toreducelosses.Slashpineatbothlocationswas quiteheavily
infected with fusiform rust (CronartiumfusiformeI-ledgc. et
Hunt) which causedthe high mortality over the last 13 yr.
Choctawhatcheesandpinehadrelativelyhighmortality onthe

Table 1. Tree and stand characteristics of 28-yr-old southern pines planted on sandhills sites in Georgia and South Carolina

Average
Mortality1 Stocking diameter

trees/ac in.

Species
Slash Pine
Loblolly pine
Longleat pine
Choctawhatchee sand pine

Slash pine
Loblolly pine
Longleaf pine
Choctawhatchee sand pine

31 c4
5a

1 Ob
2a

22c
lib
4a
9b

336
346
182
264

424
490
532
478

Average
height

ft

Georgia
5.4a 34.6b
5.7a 29.4a
6.8b 40.2c
9.lc 55.6d

South Carolina
5.5a 37.8a
6.Ob 37.la
6.3c 44.9b
7.2d 50.5c

Total
basal area

ft2 /ac

69a
61 a
44a

11 Sb

70a
95b

11 7bc
1 35c

1 Mortality between 15 and 28 years of age.
2 Stem volume inside bark based on equation by Bailey et al. (1982) for slash pine, Bailey and Clutter (1970) for loblolly pine, Farrar (1981) for
longleaf pine, and McNab et al. (1985) for Choctawhatchee sand pine.
3 Dry weight of stem wood based on equation by Bailey et al. (1982) forslash pine, Taras and Clark (1975) for loblolly pine, Taras and Clark (1977)
for longleaf pine, and McNab et al. (1985) for Choctawhatchee sand pine.
~ Within a column by location values tollowed by the same letter are not signilicantly dilierent at the .05 level.

Total2
volume
ft3/ac

1080a
71 4a
760a

2770b

1030a
141 Oa
2280b
3000c

Total3
biomass

ton/ac

16.Oa
11.4a
13.4a
38.4b

16.3a
22.6a
40.lb
41.6b
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Georgiasite from an infestationof barkbeetlesfollowing the
thinning operationat age 7 yr. Bark beetleattacksandtree
mortality canbe minimizedby avoiding damageto residual
trees.Mortality ratehasbeenlow for Choctawhatcheesandpine
at both locations since age 15. This agreeswith results for
unthinnedplantationsinnorthwestfloridawheremortalityrates
arenormally lessthan 1% a yearbeyondage3 yr. Mostof the
Choctawhatcheesandpine treesthatdiddie between15and28
yr werewindthrown.Thislikely resultedfromattackby rootrot
fungi.

Stockingdifferedbetweenspeciesandlocations,butall were
adequateexceptlongleafpineplots inGeorgia.Thelow basal
areatherewas due to poor initial survival causedby poor
plantingstock.Mostof the longleafseedlingsfor that sitewere
wilted beforeplanting. With properseedlingproductionand
careduring transportandplanting, goodsurvival cannow be
obtainedwhenplantinglongleafpine (Bamettetal. 1990).

Choctawhatcheesandpineaveragedmorethan50ftin height
atbothlocationsafter28 yr.Thisis comparabletoheightgrowth
for florida, whereplantation-growntreesaveraged54 ft atage
28 (Bums 1969).Volumeproductionat 2770 and3000ft3/ac
alsofalls inthe2600to3000ft3/acrangereportedfornorthwest
florida. Thus,onsandhillssitesinGeorgiaandSouthCarolina,
Choctawhatcheesandpine can producemorevolume on a
pulpwoodrotation than any othersouthernpine with yields
equalto thosefor plantationsin its naturalrangein northwest
florida. Therefore,Choctawhatcheesandpine is thepreferred
speciesforpulpwoodproductiononGeorgiaandSouthCarolina
sandhills.

In South Carolina,the averageheight growth rate for
longleafpine has matchedthat for Choctawhatcheesand
pine since age5 yr. On the Georgiasite, growth hasbeen
slightly less, but part of this may be due to 30% of the
longleaf seedlingsbeing 2 yr youngerbecausethey were
establishedby spotseeding.Choctawhatcheesandpinehas

fasterheight growth the first 5 yr, while longleafis in the
grassstage,butratesbeganto equalizebeyondthis age.A
valid comparisonof longleafandChoctawhatcheesandpine
productivitycannotbemadefor theGeorgiasitebecauseof
the low stockingof longleaf.Althoughsandpine hadpro-
ducedmorevolumebetweenages15 and28 yr on theSouth
Carolinasite,longleafvolumeproductionhasbeennearlyas
great.Becauseof higherspecific gravity,longleafpinehas
producedas much biomassasChoctawhatcheesandpine.
Therefore,longleafpine is also a viable specieson these
sites,especiallywith longerrotations.
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